Abstract: This paper investigates the observer-based eventtriggered consensus problem for input-saturated general linear multi-agent systems (MASs), where the states of agents are not always measurable. Based on the output information of MASs and the low-gain feedback technique, a reasonable state observer is designed to estimate the state variables of agents. An eventtriggered consensus algorithm is also proposed based on the estimated state, which ensures the semi-global leaderless consensus of the considered MASs can be realized. Finally, one numerical simulation example is provided to demonstrate our proposed method.
I. INTRODUCTION
As a kind of dynamic system, multi-agent systems (MASs) can be seen everywhere in social life. Each agent in the MASs accomplishes each complex task by exchanging information, assigning tasks and collaborating with each other. Recently, the cooperative control of MASs has drawn much attention from many domestic and foreign scholars due to its widespread application in a number of areas, such as smart grid, robot formation, wireless sensor network, aircraft formation, and so on [1] - [6] . However, in many practical MASs, the controllers are still designed based on traditional time-driven process. Consequently, when the system is not disturbed by the outside world and runs smoothly according to the expected state, it will inevitably cause a great waste of resources. Therefore, it is necessary to design a suitable control scheme to reduce energy consumption, and the eventdriven mechanism is a simple solution to this problem. The authors in [1] and [2] researched the consensus problem for the first-and second-order MASs by using the event-triggered approach. Moreover, the event-triggered consensus problem has also been extended to high-order linear MASs [3] - [4] .
In addition, systems with actuator saturation are often encountered in actual industrial production and life. For an originally asymptotically stable closed loop system, its global stability will no longer be guaranteed when the actuator is saturated [5] . Based on the event-triggered mechanism, Su et al. [6] studied the input constrained problem of discrete MASs and ensured that the MASs can realize semi-global consensus. Moreover, there are also some studies on the saturation of continuous MASs [7] - [8] . It should be noticed that the state variables of systems are assumed to be known in the abovementioned papers [6] - [8] . In the actual system, this requires high costs and it is difficult to obtain the state information of the system. Thus, the semi-global observer-based leaderfollowing consensus is proposed in [9] for MASs subject to actuator saturation. Then, the output-based event-triggered controller is designed for MASs with input saturation [10] .
The techniques of event-triggered controller and actuator input saturation for MASs in [11] and [12] are successfully combined with in this paper. Under the condition that the state of system is unknown, we design a state observer to estimate the state variables of system. The objective of semi-global leaderless consensus for the MASs is really achieved based on low-gain feedback technique, and the design of event-triggered controller protocol greatly reduces the number of controller updates and saves network resources. A numerical example based on a lead-acid battery model is given to show the corresponding effectiveness.
The rest of this paper is organized as follows. Section II briefly presents some preliminaries and problem formulation. The main results are provided in Section III. A simulation example verifies the validity of the designed controller is given in Section IV, followed by some conclusions in Section V.
II. PRELIMINARIES AND PROBLEM STATEMENT

A. Graph Theory
An undirected graph =( , , )
G V A is used to represent the communication topology among the agents, with the set of nodes 
Lemma 2 [12]
For any given unweighted and undirected connected graph G for the considered MASs, which is composed of N nodes, the corresponding eigenvalues of its Laplacian matrix satisfy that, 
III. MAIN RESULTS
A. Observer-based Event-triggered Controller
The state observer is designed as follows when the system's state is unknown:
where ˆ( ) n i x t R is the observer state of agent i , n r G R is the feedback gain matrix to be determined later.
Based on the low-gain feedback technique, the following observer-based event-triggered consensus algorithm is proposed. There are three steps in this algorithm.
Step 1: Solve the following form of algebraic Riccati equation (ARE):
to get a unique positive definite solution matrix ( ) P .
Step 2: Based on the relative observation states of neighbor agents, design the following distributed protocol:
where K is the state feedback matrix, satisfies ( )
Step 3: Suppose there is a monotonically increasing time series 0,1,2,...
consider the distributed event-triggered controller protocol as:
where the time series are determined by the following eventtriggered condition: 1
Here the event-triggered function is designed as:
whereˆ( ) ( ( ) ( )), 0
is an arbitrarily selected positive scalar. It can be seen that
, it is the trigger moment of the i th agent,
is a piecewise constant function. Therefore, we consider the right-hand derivative of the event time, for the convenience of symbols. Let ( )
B. Stability Analysis
In order to analyze the stability of the closed-loop system with distributed low-gain event-triggered controller (6) in the above design, the following theorem is given. (2) under consideration can achieve semiglobal leaderless consensus by using the designed observer (3), event-triggered controller protocol (6) and the eventtriggered function (7). The relevant feedback gain matrices are given as
Proof: Construct the following Lyapunov function:
V t x t I P x t g t I Q g t (8) where ( ) x t and ( ) g t will be defined later. Due to the existence of the bounded set and the facts that (0) 
x t I A L BK x t L BK e t I GC g t g t I A GC g t
Since the topology is balanced, one may get that LJ JL L , and the formula (11) can be further rewritten as
Taking the derivative of Lyapunov function, we have
] ( ).
T T T T T T T T T T T T V t x t I P x t g t I Q g t x t I P A A P L P BB P x t x t L P BB P e t x t I P Q C C g t g t I QA A Q C C g t
From the event-triggered function (7) and the Young's inequality [14] , one may get the following inequality, according to (
t t T T T T e t I P BB P e t N e + x t L P BB P x
Then, it is obvious that (14) Substituting formula (14) into formula (13), we can get ( 2 )] ( ).
T T t t T T x t L P BB P e t x t L P BB P x t N e
0 2 ( ) 2 2 1 ( ) ( )( ( ( ) ( )) ( ) (2 ) ( )((2 3 ) ( ) ( )) ( ) 2 ( )( ( ) ) ( ) ( )[
t t T T T T T T T T T V t x t I P A A P x t N e x t L L P BB P x t x t I P Q C C g t g t I QA A Q C C g t
Since L is a positive definite symmetric matrix and satisfies 1 1 0
T L L
. It is assumed that the choice of parameter
.
T T T T T T T T t t V t x t I P A A P P BB P x t g t I QA A Q C C g t x t I P Q C C g t N e
( ) ( ) T V ( ) (16) It can be known from Lemma 1 that
t t T T T T T T V t x t x t N e x t I P Q C C g t g t I QA A Q C C g t
Further, it follows
where,
By using the comparative lemma, one can obtain 
g t x t x t and Definition 1, we can obtain that the MASs under consideration has achieved semi-global leaderless consensus, thus, the proof has been completed.
For the even-triggered consensus problem for MASs, if the control system is continuous sampling or the sampling period is very small, the Zeno phenomenon is very likely to occur. Once the Zeno phenomenon occurs in the designed eventtriggered control protocol, the designed protocol is theoretically meaningless. Therefore, it is extremely important to avoid the occurrence of the Zeno phenomenon.
From the event-triggered function (7) previously mentioned, it can be obtained that (25) According to literature [15] , there is no Zeno behavior in this paper. This completes the proof.
IV. NUMERICAL EXAMPLE
In order to effectively prove the rationality of the eventtriggered control algorithm based on low-gain feedback technique proposed in this paper, a lead-acid battery model borrowed from [16] is given to show the effectiveness of the proposed method. Here, there are eight agents, that is 8 N , and the connected topology is shown in Fig. 1 .
Fig. 1. Leaderless communication topology graph
In the lead-acid battery, k I represents the current in the resistor k R (actually k dependents on the model considered in practice), e Q and represent the electromotive force and the temperature of the electrolyte, respectively. The equivalent third-order lead-acid battery circuit diagram is shown in Fig. 5 as given in the literature [16] , and the relevant symbols are also shown in Fig. 5 . In electrolysis equipment, multiple intelligent detectors are applied to test relevant industrial indicators to control the entire industrial process. These intelligent detectors can be described as a MASs. In this MASs, the i th agent represents the i th detector and it has three detection states, which can be expressed as: 2 shows the state trajectory curves of the MASs, which further demonstrates that the MASs can realize semi-global leaderless consensus under the designed observer-based event-triggered consensus algorithm. The corresponding state error curves between the agent states and the observed agent states are given in Fig. 3 , which converge into zero as the theory as proved. Moreover, the corresponding trigger time sequences are given in Fig. 4 . It can be seen that the designed distributed event-triggered controller can effectively decrease the number of updates for the controller.
V. CONCLUSION
This paper designs a distributed controller based on the event-triggered method, which ensures the MASs achieve the semi-global leaderless consensus with actuator saturation. Observer-based method and low-gain feedback technique are applied to deal with the consensus problem. The proposed method can reduce the exchange of information between neighboring agents and save communication resources effectively. Future research work will focus on resolving the observer-based event-triggered consensus problem for MASs with directed communication topology under input saturation.
